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differential lock 1nto or out of engagement. The drive lock
motor assembly 1s disposed fully between the right and left
extents of the differential.
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LOCKING DIFFERENTIAL WITH IN-LINE,
IN-PROFILE LOCKING DRIVE MOTOR

CROSS-REFERENCE TO RELATED U.S.
APPLICATION(S)

None.

FIELD OF THE INVENTION

The present invention relates to suspension systems in

vehicles, and particularly to mechanical locking differentials
used 1n offroad vehicles such as UVs and ATVs.

BACKGROUND OF THE INVENTION

Utility vehicles (“UVs”) and all terrain vehicles (“ATVs™)
are well known for travel over a wide variety of terrains,
including over unpaved trails or fields, rocks, etc. Such
vehicles are widely used i agriculture and forestry opera-
tions, as well as 1 safety operations such as for rugged
mountain crossings. Such vehicles are also widely used for
recreational enjoyment in natural, outdoor settings away
from pavement.

In many prior art UVs and ATVs, the engine transmits
power to the wheels through a drive shafit, a differential, and
a drive axle for each wheel. Ordinary differential drive axles
of on-road vehicles don’t adequately meet requirements of
various road conditions and complex working conditions,
and diflerential drive axles of UVs and ATVs are often larger

in size. One example of a larger-in-size differential drive
axle 1s shown 1n U.S. Pat. No. 4,805,486, incorporated by
reference. Lighter and more compact options are needed,
which can smoothly function 1n UV and ATV drive lines.

BRIEF SUMMARY OF THE INVENTION

The present invention 1s a mechanical locking differential
which includes a drive lock motor supported by the differ-
ential housing. The drive lock motor 1s disposed opposite the
input bevel gear assembly. The drive lock motor assembly 1s
disposed fully between the right and left extents of the
differential, so the drive lock motor 1n no way increases the
width of the differential, resulting 1n a mechanical locking,
differential which 1s compact while at the same time leaving
the 1nput bevel gear assembly fully accessible. In another
aspect, the drive lock motor 1s disposed higher than the
differential input and the differential outputs. In the preferred
embodiment, the drive lock motor 1s coupled to a diflerential
lock with a gear train that includes a worm drive, to output
rotational motion on a lock output gear. The lock output gear
causes sliding motion of a rack and a rack follower, pressing
the differential lock into or out of engagement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side elevational view showing the structure of
the mechanical locking differential provided by a preferred
embodiment of the present invention;

FIG. 2 1s a top plan view, substantially 1n cross-section at
the height of the longitudinal axis, of the mechanical locking,
differential of FIG. 1;

FI1G. 3 1s a top plan view, substantially 1n cross-section, of
the drive bevel gear mput of FIGS. 1 and 2;

FIG. 4 1s a cross-sectional plan view of the differential
drive connection;
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FIG. 5 1s a cross-sectional side view of the differential
drive connection, taken along lines A-A of FIGS. 2 and 4;

and

FIG. 6 1s a rear elevational view of the drive motor of FIG.
1, 1n cross-section through the housing and taken along lines
B-B of FIG. 1.

In these drawings, the reference numerals are as follows:

differential 10

housing 12

bolt holes 13

input 14

generally longitudinal axis 16

outputs 18

transverse axis 20

flange 22

input bevel assembly 24

input bevel gear 26

ring gear 28

differential case 30

pinion or planetary gear 32

tapered roller bearings 34 for mput

semi-axle gears 36, 38

internally splined output collars 40

width w

locking drive motor 42

locking output gear 44

rack 46

rack follower 48

recess 50

locking sleeve 52

locking sleeve teeth 34

differential case teeth 56

tapered roller bearings 58

bevel gear housing 60

double adjustment washer 62

cross-shait assembly 64

long planetary gear shait 66

short planetary gear shait 68

cross shait sleeve 70

gear train 72

gear pair 74, 76

worm screw 78

worm wheel output gear 80

lock drive housing 82

lock drive assembly 84

While the above-identified drawing figures set forth pre-
ferred embodiments, other embodiments of the present
invention are also contemplated, some of which are noted 1n
the discussion. In all cases, this disclosure presents the
illustrated embodiments of the present invention by way of
representation and not limitation. Numerous other minor
modifications and embodiments can be devised by those
skilled 1n the art which fall within the scope and spirit of the
principles of this invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

The mmvention 1s mechanical locking differential 10 hav-
ing a housing 12, particularly intended for use on a UV or
ATYV. The housing 12 includes structure for mounting on the
vehicle, such as several bolt holes 13. The mechanical
locking differential 10 has an mput 14 for rotational power
about a generally longitudinal axis 16 on the UV or ATV,
with two outputs 18 for rotational power about a generally
transverse axis 20 on the UV or ATV. Thus, a flange 22 for
an mmput bevel assembly 24 1s open etther forward (if the
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differential 10 1s mounted and used as a rear differential
driving rear wheels of a vehicle) or rearward (i1 the difler-
ential 10 1s mounted and used as a rear diflerential driving
rear wheels of a vehicle). The flange 22 1s used to attach the
iput bevel gear 26 to a drive shaft (not shown) delivering
rotational power from the vehicle engine (not shown).
Alternative to flange 22, other mechanical linkages can be
used to drive the input 14.

While the vehicle 1s running, torque 1s transmitted from
the mput bevel gear 26 to a ring gear 28 fixed to a differential
case 30, with at least one pinion or planetary gear 32
positioned therein. The differential case 30 1s rotationally
supported within the housing 12 by tapered roller bearings
58. Under a normal straight running condition while the left
and right wheels are rotating at the same speed, the pinion
gear 32 rotates about the transverse axis 20 at the speed of
the differential case 30, and side gears or semi-axle gears 36,
38 rotate together about the transverse axis 20 at the speed
of the ring gear 28 and diflerential case 30 to transmit the
torque to both axles (not shown) through internally splined
output collars 40. Using the internally splined output collars
40, the drive axles (not shown) can be conveniently installed
and adjusted, and/or at the same time the constant velocity
drive shafts (not shown) can be also conveniently installed.

In the preferred embodiment, the differential housing 12
1s wider than the output collars 40, so the width w of the
differential housing 12 establishes the right and left extent of
the differential 10. Minimizing the width w of the difieren-
tial 10 1s important particularly in UVs and ATVs, as any
width of the differential 10 increases the angle of the half
shaft movement for any suspension movement, as well as
taking away from space available for other vehicle compo-
nents. Having the differential housing 12 be wider than the
output collars 40 helps protect the output collars 40, pro-
tecting the moving parts of the differential 10 as the UV or
ATV 1s drniven over rocks and other harsh terrain. In other
embodiments, the outputs 18, which can be collars, stubs or
other structure for connecting to the drive axles or constant
velocity drive shaftts, can be slightly wider than the width of
the differential housing 12, so the width of the outputs 18
establishes the right and left extent of the differential 10.

When a rotational difference 1s caused between the out-
puts 18 at the time of turning or cornering of the UV or ATV,
the pinion gear 32 rotates around 1ts own axis to correct the
rotational difference between the inner and outer wheels.
Rotation of the pinion gear 32 about its own axis 1ncreases
the rotational speed of one of the semi-axle gears 36, 38
about the transverse axis 20 while equally decreasing the
rotational speed of the other of the semi-axle gears 36, 38
about the transverse axis 20.

If one of the wheels 1s caught by mud or suspended
airbourne, the rotational difference between the left and right
wheels will increase more than in mere cornering. The
increased rotational different 1s detected by a control unit
(not shown). Then, the control unit activates a locking drive
motor 42 to rotate a locking output gear 44. The rotation of
the locking output gear 44 1s changed into a linear move-
ment, such as by a rack 46 shdably supported by the
differential housing 12. Movement of the rack 46 moves a
proximal end of a rack follower 48 inward toward the
longitudinal axis 16. The distal end of the rack follower 48
engages with a recess 30 1 a locking sleeve 352 slidably
mounted on the semi-axle gear 36 so it rotates with the
semi-axle gear 36. When the sleeve 52 1s pushed sufliciently
inward toward the longitudinal axis 16, rectangular teeth 54
on the sleeve 52 are pushed mnto engagement with teeth 56
on the differential case 30, regulating the semi-axle gear 36
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4

so 1t rotates with the differential case 30. By having semi-
axle gear 36 rotate at the same speed as the diflerential case
30, the other semi-axle gear 38 also rotates at the same speed
as the diflerential case 30, and the differential operation 1s
locked. Thus, in this embodiment the locking sleeve 52 with
its teeth 34 constitutes a differential lock for the mechanical
locking differential 10.

In the preferred embodiment, the mnput assembly 24 is as
disclosed 1in Chinese Patent No. CN2014 20635957.9, incor-
porated by reference. As shown 1n FIGS. 2 and 3, the input
bevel gear 26 adopts a cantilever structure and 1s supported
by tapered roller bearings 34 to ensure suilicient strength of
the driving bevel gear transmission. The bevel gear 26 1tself
1s mounted 1n a housing 60 split from the housing 12 of the
differential 10. The split structure enables the bevel gear 26
with 1ts housing 60 to be used as a universal module 24 to
facilitate the design of the drive shaft (not shown), which
provides more flexibility for vehicle layout. The input
assembly 24 also includes a double adjustment washer 62,
which reduces the number of adjustment washers, facilitates
adjustment and inspection, and eflectively ensures the
assembly quality.

In the preferred embodiment, the drive connection
between the differential case 30 and the output semi-axles
36, 38 is as disclosed in Chinese Patent Nos. CN2014
20638485.2, incorporated by reference. The differential 10
thus includes a cross-shaft assembly 64 and four pinion
planetary gears 32 as shown in FIG. 4. In the cross-shaft
assembly 64, a long planetary gear shaft 66 and a short
planetary gear shait 68 are connected together through a
cross shatt sleeve 70 to support the four planetary gears 32
to ensure smooth operation and ensure suflicient transmis-
sion strength, while minimizing volume and weight of the
differential 10.

In the preferred embodiment, the locking sleeve 52 1s as
disclosed 1n Chinese Patent Nos. CN2014 20634584.3 and
CN2014 20635010.8, both incorporated by reference. The
locking sleeve 52 ensures suflicient transmission strength,
because of the toothed connections between the locking
sleeve 52 and the differential case 30 and because of the
toothed connection between the locking sleeve 52 and the
outer spline of the semi-axle gear 36.

The lock drive motor 42 1s an electric motor mounted
relative to the differential housing 12 as shown 1n FIG. 6. For
instance, the lock drive motor 42 can be coupled to its output
gear 44 using a gear train 72. The preferred gear train 72
includes a first gear pair 74, 76 that substantially reduces the
output speed of the motor 42 while increasing its torque, and
then a worm screw 78 coupled to the worm wheel output
gear 80 that even more substantially reduces the output
speed of the motor 42 while increasing 1ts torque. For
example, the first gear pair 74, 76 can provide a reduction of
4:1 or more, while the worm drive 78, 80 can provide a
reduction of 10:1, 20:1 or more. The worm drive 78, 80 also
conveniently changes the direction of rotation by 90°. With
this significant gear reduction, a very small electric motor 42
can be used for locking the differential 10. For instance, the
preferred electric drive motor 42 has a diameter roughly
equal to the inner diameter iner toothed output collar 40,
and a length shorter than either of the semi-axle output gears
36, 38.

The lock drive motor 42 1s mounted within a lock dnive
housing 82 as part of a lock drive assembly 84, which 1s
located on the differential housing 12 opposite the put
bevel gear 26. This mounting position facilitates providing
the mput bevel gear 26 as i1ts own, separate universal
assembly 24, and does not interfere with positioning or
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access between the input bevel gear 26 and the diflerential
housing 12. The lock drive motor 42 1s mounted high in the
differential 10, above the longitudinal axis 16 of the input 14
and above the transverse axis 20 of the outputs 18. In this
high location, the electric motor 42 1s better protected during
driving of the UV or ATV. The axis of rotation of the lock
drive motor 42 1s preferably transverse to the longitudinal
direction, meaning the lock drive assembly 84 can be
mounted close 1n to the differential housing 12, reducing the
length of the differential 10.

Although the present invention has been described with
reference to preferred embodiments, workers skilled 1n the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

The 1nvention claimed 1s:

1. A mechanical locking differential comprising:

a housing for mounting the mechamical locking differen-

tial relative to a vehicle;

an input bevel gear supported by the housing and config-
ured for mating with a drive shait from an engine of a
vehicle:

a differential gearset supported by the housing, powered
by the 1input bevel gear, and outputting rotational power
on a right output for driving a right wheel of the vehicle
and on a left output for driving a left wheel of the
vehicle, the right output and the left output rotating
about a diflerential output axis, with the housing having
a right output opening around the right output and
allowing access to the right output and having a left
output opening around the left output and allowing
access to the left output, wherein a right plane perpen-
dicular to the differential output axis at the right output
opening ol the housing establishes a right extent of the
mechanical locking differential and a left plane perpen-
dicular to the differential output axis at the left output
opening of the housing establishes a left extent of the
mechanical locking differential;

a differential lock supported by the housing and mounted
relative to the differential gearset, the differential lock
when engaged causing the right output to rotate at the
identical rotational speed as the left output, each based
on the rotational speed of the mput bevel gear, the
differential lock when disengaged allowing the right
output to rotate at a different rotational speed than the
left output, collectively based on the rotational speed of
the mput bevel gear, wherein the differential lock
comprises a locking sleeve with teeth; and

a drive lock motor coupled to the differential lock for
engaging and disengaging the differential lock, wherein
the drive motor 1s supported by the housing such that
the drive motor 1s disposed on an opposite side of the
differential output axis from the mput bevel gear and
between the left and right extents of the mechanical
locking differential.

2. The mechanical locking differential of claim 1, wherein
the differential gearset comprises a differential casing, and
wherein the mechanical locking differential further com-
prises a tapered roller bearing supporting the differential
casing from the housing.

3. The mechanical locking differential of claim 1, wherein
the diflerential gearset comprises two semi-axle gears, a
cross-shaft assembly and four planetary gears.

4. The mechanical locking differential of claim 1, wherein
the mput bevel gear rotates about a longitudinal axis, and
wherein the drive lock motor rotates a shaft about an axis
transverse to the longitudinal axis.
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6

5. The mechanical locking differential of claim 1, wherein
the drive lock motor 1s coupled to the differential lock by a
gear train, wherein the gear train provides a gear reduction.

6. The mechanical locking differential of claim 5, wherein
the gear train comprises a worm drive.

7. The mechanical locking differential of claim 5, wherein
the gear train terminates i a drive output gear coupled to a
rack.

8. The mechanical locking differential of claim 7, wherein
the mput bevel gear rotates about a longitudinal axis, and
wherein the rack supports a rack follower which 1s driven
toward or away from the longitudinal axis by the drive lock
motor.

9. The mechanical locking differential of claim 8, wherein
the rack follower mates 1nto a recess of the locking sleeve.

10. The mechanical locking differential of claim 9,
wherein the differential gearset comprises a differential
casing, wherein at least one of the nght and left outputs 1s
a semi-axle gear, and wherein the locking sleeve 1s slidably
mounted on the semi-axle gear, with the rack follower
pushing the locking sleeve mto or out of engagement with
the differential casing.

11. The mechamcal locking differential of claim 1,
wherein the drive lock motor 1s supported within a lock drive
housing which 1s fixed to the housing of the mechanical
locking differential.

12. An offroad vehicle comprising:

a mechanical locking differential comprising:

a housing mounting the mechanical locking differential
relative to the vehicle;

an input bevel gear supported by the housing and
configured for mating with a drive shaft from an
engine of the vehicle, the mput bevel gear rotating
about a generally horizontal longitudinal axis;

a differential gearset supported by the housing, pow-
ered by the input bevel gear, and outputting rota-
tional power on a right output for driving a right
wheel of the vehicle and on a left output for driving
a left wheel of the vehicle, the right output and the
left output rotating about a differential output axis,
with the housing having a right output opening
around the right output and allowing access so a right
drive axle can connect to the right output and having
a left output opening around the left output and
allowing access so a left drive axle can connect to the
left output, wherein a right vertical plane perpen-
dicular to the differential output axis at the right
output opening of the housing establishes a right
extent of the mechanical locking differential and a
left vertical plane perpendicular to the differential
output axis at the left output opening of the housing
establishes a left extent of the mechanical locking
differential;

a differential lock supported by the housing and
mounted relative to the differential gearset, the dif-
ferential lock when engaged causing the right output
to rotate at the identical rotational speed as the left
output, each based on the rotational speed of the
input bevel gear, the differential lock when disen-
gaged allowing the right output to rotate at a different
rotational speed than the left output, collectively
based on the rotational speed of the mput bevel gear;
and

a drive lock motor coupled to the differential lock for
engaging and disengaging the differential lock,
wherein the drive motor 1s supported by the housing
such that the drive motor 1s disposed on an opposite
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side of the differential output axis from the input
bevel gear and between the left and right extents of
the mechanical locking differential, wherein the
drive lock motor 1s located higher than the longitu-
dinal axis of the input bevel gear in the vertical
direction.

13. The vehicle of claim 12, wherein the differential
output axis 1s generally horizontal and extends transversely,
and wherein the drive lock motor 1s located higher than the
differential output axis in the vertical direction.

14. The vehicle of claim 12, wherein the drive lock motor
1s coupled to the differential lock by a gear train, wherein the
gear train terminates in a drive output gear coupled to a rack.

15. The vehicle of claim 14, wherein the rack supports a
rack follower which 1s drniven toward or away from the
longitudinal axis by the drive lock motor.

16. The vehicle of claim 15, wherein the differential lock
comprises a locking sleeve, and wherein the rack follower
mates 1mnto a recess of the locking sleeve.

17. The vehicle of claim 12, wherein the differential lock
comprises a locking sleeve with teeth.

18. A mechanical locking differential comprising:

a housing for mounting the mechanical locking differen-

tial relative to a vehicle:

an input bevel gear supported by the housing and config-

ured for mating with a drive shait from an engine of a

vehicle, wherein the mput bevel gear rotates about a
longitudinal axis;
a differential gearset supported by the housing, powered
by the 1input bevel gear, and outputting rotational power
on a right output for driving a rnight wheel of the vehicle
and on a left output for driving a left wheel of the
vehicle the right output and the left output rotating
about a differential output axis;
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erential lock supported by the housing and mounted
relative to the differential gearset, the differential lock
when engaged causing the right output to rotate at the
identical rotational speed as the left output, each based
on the rotational speed of the mput bevel gear, the
differential lock when disengaged allowing the right
output to rotate at a diflerent rotational speed than the
left output, collectively based on the rotational speed of
the mput bevel gear, wherein the differential lock
comprises a locking sleeve; and

a drive lock motor coupled to the differential lock for
engaging and disengaging the diflerential lock, wherein
the drive motor 1s supported by the housing such that
the drive motor 1s disposed on an opposite side of the
differential output axis from the input bevel gear,
wherein the drive lock motor 1s coupled to the difler-
ential lock by a gear train comprising a worm drive,
wherein the worm drive provides a gear reduction,
wherein the gear train terminates 1n a drive output gear
coupled to a rack, wherein the rack supports a rack
follower which 1s driven toward or away from the
longitudinal axis by the drive lock motor, and wherein

the rack follower mates mnto a recess of the locking
sleeve.

19. The mechanical locking differential of claim 18,
wherein the differential gearset comprises a differential
casing, wherein at least one of the rnight and left outputs 1s
a semi-axle gear, and wherein the locking sleeve 1s slidably
mounted on the semi-axle gear, with the rack follower
pushing the lockmg sleeve mto or out of engagement with
the differential casing.
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